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Abstract
Objective Pulmonary rehabilitation is a cornerstone treatment in the management of chronic obstructive pulmonary disease 
(COPD). Acute bouts of exercise can lead to short bursts of inflammation in healthy individuals. However, it is unclear how 
COPD patients respond to acute bouts of exercise. This study assessed inflammatory responses to exercise in COPD patients 
at the start (phase 1) and end (phase 2) of pulmonary rehabilitation.
Methods Blood samples were collected before and after an acute exercise bout at the start (phase 1, n = 40) and end (phase 
2, n = 27) of pulmonary rehabilitation. The primary outcome was change in fibrinogen concentrations. Secondary outcomes 
were changes in CRP concentrations, total/differential leukocyte counts, markers of neutrophil activation (CD11b, CD62L 
and CD66b), and neutrophil subsets (mature, suppressive, immature, progenitor).
Results Acute exercise (phase 1) did not induce significant changes in fibrinogen (p = 0.242) or CRP (p = 0.476). Total leuko-
cyte count [mean difference (MD), 0.5 ± 1.1  (109 L−1); p = 0.004], neutrophil count [MD, 0.4 ± 0.8  (109 L−1); p < 0.001], and 
immature neutrophils (MD, 0.6 ± 0.8%; p < 0.001) increased post-exercise. Neutrophil activation markers, CD11b (p = 0.470), 
CD66b (p = 0.334), and CD62L (p = 0.352) were not significantly altered post-exercise. In comparison to the start of pul-
monary rehabilitation (phase 2), acute exercise at the end of pulmonary rehabilitation led to a greater fibrinogen response 
(MD, 84 mg/dL (95% CI − 14, 182); p = 0.045).
Conclusion An acute bout of exercise does not appear to induce significant alterations in the concentrations of inflammatory 
mediators but can increase white blood cell subsets post-exercise. A greater fibrinogen response to acute exercise is seen 
at the end of pulmonary rehabilitation when compared to the start. Further research is required to understand the clinical 
context of these acute inflammatory responses to exercise.
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Abbreviations
COPD  Chronic obstructive pulmonary disease
CRP  C-reactive protein
ELISA  Enzyme-linked immunosorbent assay
FEV1  Forced expiratory volume in 1 s
GOLD  Global initiative for chronic obstructive lung 
disease
mMRC  Modified Medical Research Council
UK  United Kingdom
Introduction
Pulmonary rehabilitation, an exercise and education-based 
intervention, is considered a cornerstone treatment in the 
management of chronic obstructive pulmonary disease 
(COPD). Established benefits of pulmonary rehabilita-
tion include inducing improvements in exercise capacity 
and quality of life (Nici et al. 2006). However, completion 
of pulmonary rehabilitation programmes is poor (Steiner 
et al. 2017), with a commonly cited reason for drop-out 
being exacerbations (Cecins et al. 2008; Fischer et al. 2009; 
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Hayton et al. 2013; Jones et al. 2014; Keating et al. 2011). 
Exacerbations of COPD are acute pro-inflammatory events 
(Wedzicha and Donaldson 2003), and in the field of exercise 
immunology it has been acknowledged that acute bouts of 
exercise, especially if prolonged or of high intensity, can also 
result in short bursts of inflammation (Petersen and Pedersen 
2005; Walsh et al. 2011). However, the effects of acute bouts 
of exercise in COPD patients are unclear whereby short 
bursts of inflammation resulting from exercise have been 
proposed to increase the risk of exacerbation (van der Vlist 
and Janssen 2010).
Previous research has suggested that acute exercise 
triggers an inflammatory response in healthy individuals 
as characterised by the mobilisation of neutrophils and 
increased concentrations of fibrinogen and CRP (Bizheh and 
Jaafari 2011; Montgomery et al. 1996; Nieman et al. 2005). 
In COPD, an acute bout of exercise has been seen to increase 
neutrophil counts (Van Helvoort et al. 2006). However, pre-
vious research assessing the inflammatory responses to acute 
exercise prior to, during and following pulmonary rehabilita-
tion found that pulmonary rehabilitation did not affect the 
acute inflammatory responses of CRP (Canavan et al. 2007). 
Fibrinogen has recently been recognised as a reliable sur-
rogate marker of exacerbation risk in COPD, highlighting 
its importance for therapeutic intervention (Duvoix et al. 
2013). To date, there is no available evidence of the effects 
of acute exercise on fibrinogen concentrations in patients 
with COPD. Acute bouts of exercise have also been seen to 
induce changes in the expression of cell surface receptors of 
neutrophils in healthy populations (Gray et al. 1993; Smith 
et al. 1996; van Eeden et al. 1999). For example, CD62L 
expression, which is shed by neutrophils upon activation, has 
been shown to be reduced following exercise (Borregaard 
and Cowland 1997; Ley et al. 2007; Nathan 2006; Witt-
mann et al. 2004). Increases in neutrophil activation may 
have deleterious effects in a population such as COPD that 
are characterised by neutrophilic inflammation (Hoenderdos 
and Condliffe 2013; Quint and Wedzicha 2007).
The immunological responses to exercise in COPD may 
hold the key to explaining exacerbation prevention and man-
agement (Jenkins et al. 2018). Some have suggested that 
acute exercise may be pro-inflammatory in the early stages 
of an exercise training programme but continuing exercise 
on a regular basis may favour an anti-inflammatory response 
(Kasapis and Thompson 2005). In healthy populations, 
assessing acute responses to exercise have been suggested to 
have more clinical significance than training-induced altera-
tions in resting immune/inflammatory parameters (Brandt 
and Pedersen 2010). However, the acute effects of exercise 
on inflammation in COPD patients entering a rehabilitation 
programme warrant further investigation.
This study aimed to assess whether acute exercise at the 
start of pulmonary rehabilitation in COPD patients increases 
markers of systemic inflammation (Phase 1). This study 
also aimed to assess whether acute responses to exercise 
differed following exercise training [e.g. end of a pulmo-
nary rehabilitation programme (phase 2)]. The chronic basal 
inflammatory responses to exercise training in this cohort 
have been published previously (Jenkins et al. 2020). It was 
hypothesised that markers of systemic inflammation would 
increase following acute exercise during the early stages of 
pulmonary rehabilitation. It was also hypothesised that these 
effects would diminish following pulmonary rehabilitation.
Methods
This study was conducted as part of a prospective cohort 
study approved by the Health Research Authority Research 
Ethics Committee (16/LO/0865) and registered on clinical-
trials.gov (NCT02740686). All patients provided written 
consent.
COPD patients
To assess responses to acute exercise at the start (phase 1) 
and end (phase 2) of a conventional community pulmo-
nary rehabilitation programme, 40 COPD patients (age 
69 ± 7 years;  FEV1 predicted 51 ± 17%) were recruited from 
the National Health Service in the UK. Recruited COPD 
patients were clear of an exacerbation for 4 weeks prior to 
sampling (i.e. not being treated with antibiotics or steroids). 
COPD patients presenting with a clinical diagnosis of con-
current active inflammatory (e.g. rheumatoid arthritis or 
cancer) or respiratory conditions (e.g. pulmonary fibrosis, 
asthma or bronchiectasis) were excluded from this study.
Procedures
COPD patients performed exercises as part of a conventional 
community pulmonary rehabilitation programme involving 
two supervised exercise sessions a week for 8-weeks uti-
lising minimal resources. Each session consisted of 1 h of 
exercise and 1 h of education. Exercise targets were adjusted 
for each session by the physiotherapist depending on perfor-
mance, progression and health status of each patient with the 
aim of progressing workloads. Exercises were interchange-
able targeting cardiorespiratory fitness (e.g. shuttle walking, 
step-ups, get-up-and-go) and muscular strength (e.g. bicep 
curls, wall press, bent arm lateral raise, and cross and reach) 
with targets set for achieving 4 to 5 on the Borg Dyspnoea 
Scale after each exercise. No dietary interventions or restric-
tions were put in place for this study.
Blood samples were taken before and after an acute bout 
of exercise at the beginning (phase 1, 2nd session of pro-
gramme) and end (phase 2, 16th session) of the pulmonary 
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rehabilitation programme, providing patients did not dropout 
of the course. The 2nd class of the programme was chosen 
for assessment of acute responses to exercise, as the 1st class 
of pulmonary rehabilitation is an induction/familiarisation 
session where the performing of exercises is limited (Fig. 1).
The primary outcome of fibrinogen concentration 
(sodium citrate) and secondary outcome of CRP concentra-
tion  (K3EDTA) were quantified in plasma through the use of 
ELISAs (AssayPro LLC, Missouri, USA). Secondary out-
comes of total/differential leukocyte counts were quantified 
via haematological analysis (ABX Pentra 60C+ , HORIBA 
Medical, Montpellier, France). Further secondary measures 
were undertaken on a subset of patients (n = 20) whole blood 
to assess markers of neutrophil activation (CD11b, CD62L, 
CD66b) and neutrophil phenotypes (mature,  CD16high/
CD62Lhigh; suppressive,  CD16high/CD62Llow; immature, 
 CD16low/CD62Lhigh; progenitor,  CD16low/CD62Llow) with 
the use of flow cytometry (FACSVerse, Becton Dickinson, 
NJ, USA).
Statistical analysis
Phase 1 data were analysed as absolute values (pre- vs. 
post-exercise) whereas Phase 2 data were analysed as mean 
differences between pre- and post-exercise (beginning vs. 
end of pulmonary rehabilitation). In phase 1 (pre- vs. post-
exercise), changes in fibrinogen and CRP concentrations, 
total/differential cell counts, neutrophil activation markers 
(CD11b, CD62L, CD66b), and neutrophil maturity mark-
ers (mature,  CD16high/CD62Lhigh; suppressive,  CD16high/
CD62Llow; immature,  CD16low/CD62Llow; progenitor, 
 CD16low/CD62Llow) following acute exercise were ana-
lysed using one-tailed paired t-tests. In phase 2 (beginning 
vs. end of rehabilitation), differences in fibrinogen and CRP 
concentrations, total/differential cell counts, neutrophil acti-
vation markers (CD11b, CD62L, CD66b), and neutrophil 
maturity markers (mature,  CD16high/CD62Lhigh; suppres-
sive,  CD16high/CD62Llow; immature,  CD16low/CD62Lhigh; 
progenitor,  CD16low/CD62Llow) responses to acute exercise 
across bouts were analysed using one-tailed paired t-tests. 
Statistical significance was accepted at p < 0.05.
Results
Phase 1
Patient characteristics
The characteristics of the recruited COPD patients are 
detailed in Table 1. Most COPD patients were categorised 
as GOLD grade D (65%) with a lesser proportion classified 
as GOLD grade B (33%). The majority of COPD patients 
were categorised as either mMRC grade 2, grade 3, or 
grade 4. The average duration of the acute exercise bout 
was 26 ± 4 min.
Fig. 1  Study procedures
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Phase 1
Inflammatory responses
There were no significant changes in fibrinogen (p = 0.242), 
CRP (p = 0.476), lymphocytes (p = 0.165), or eosinophils 
(p = 0.268) following an acute bout of exercise at the begin-
ning of pulmonary rehabilitation. However, there were sig-
nificant increases in total leukocyte (p = 0.004) and blood 
neutrophil (p < 0.001) counts following an acute bout of 
exercise. (Fig. 2).
Neutrophil surface expression
There were no significant changes in blood neutrophil sur-
face CD11b (p = 0.470), CD62L (p = 0.352), or CD66b 
(p = 0.334) expression following an acute bout of exercise 
at the beginning of pulmonary rehabilitation (Table 2).
The mature (p = 0.414), suppressive (p = 0.073), and pro-
genitor (p = 0.210) neutrophil phenotypes were not signifi-
cantly changed as a result of an acute bout of exercise at the 
beginning of pulmonary rehabilitation. However, the immature 
neutrophil subset (p < 0.001) was significantly increased fol-
lowing an acute bout of exercise at the beginning of pulmonary 
rehabilitation (Table 2).
Phase 2
Patient characteristics
From phase 1, there were ten COPD patients who did not go 
on to complete pulmonary rehabilitation with a further three 
patients lost due to treatment for exacerbations at the end of 
pulmonary rehabilitation.
The characteristics of the COPD patients who completed 
phase 2 are detailed Table 1. A large proportion of patients 
were categorised as GOLD grade D (59%) with a lesser pro-
portion classified as GOLD grade B (37%). The majority of 
COPD patients were categorised as either mMRC grade 2, 
grade 3, or grade 4. The duration of the acute exercise bout at 
the end of pulmonary rehabilitation was 40 ± 4 min.
Inflammatory responses
Although, there was not a significant change in fibrinogen in 
phase 1, there was a significant difference in changes between 
the conditions (i.e. pre-rehab exercise bout vs. post-rehab exer-
cise bout) (p = 0.045) when comparing fibrinogen responses 
to acute exercise.
No significant effects of condition were observed when 
comparing CRP (p = 0.483), leukocyte count (p = 0.159), 
neutrophil count (p = 0.279), eosinophil count (p = 0.155), 
and lymphocyte count (p = 0.119) responses to acute exercise 
between bouts taking place at the start and end of pulmonary 
rehabilitation (Table 3).
Neutrophil surface expression
There were no significant differences between conditions in 
neutrophil surface CD11b (p = 0.236), CD62L (p = 0.195), or 
CD66b (p = 0.481) responses to acute bouts of exercise taking 
place at the beginning and end of pulmonary rehabilitation 
(Table 4).
The mature (p = 0.086), immature (p = 0.363), suppressive 
(p = 0.053), and progenitor (p = 0.454) neutrophil phenotypes 
were not significantly different between conditions in terms of 
acute responses to exercise taking place at the beginning and 
end of pulmonary rehabilitation (Table 4).
Table 1  Patient characteristics (phases 1 and 2)
a Data presented as mean ± SD
b Data presented as a % of total population
c Data presented as total number
Variable COPD, phase 1 
(n = 40)
COPD, phase 2 
(n = 27)
Age (years)a 69 ± 7 69 ± 7
%  Malesb 58% 56%
Body mass (kg)a 77 ± 17 74 ± 15
GOLD grade, n (%)c
 A 1 (2) 1 (4)
 B 13 (33) 10 (37)
 C 0 (0) 0 (0)
 D 26 (65) 16 (59)
FEV1%  predicteda 51 ± 17 50 ± 16
Charlson Comorbidity  Indexa 3.9 ± 1.1 4.0 ± 1.2
Current  smokersb 23% 19%
Oxygen  usersb 15% 11%
Hospitalisations (past 12 months)a 0.5 ± 0.7 0.4 ± 0.7
Exacerbations (past 12 months)a 2.2 ± 1.6 2.1 ± 1.6
Daily beclomethasone equivalent 
(µg)a
860 ± 540 889 ± 621
mMRC, n (%)c
 0 1 (2) 1 (4)
 1 0 (0) 0 (0)
 2 6 (15) 4 (15)
 3 12 (30) 9 (33)
 4 21 (53) 13 (48)
Average exercise duration (min)a 26 ± 4 40 ± 4
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Discussion
The purpose of this study was to assess inflammatory 
responses to acute bouts of exercise at the beginning (phase 
1) and end (phase 2) of pulmonary rehabilitation to see how 
inflammatory responses to exercise differ with exercise train-
ing progression in patients with COPD. The main findings 
from this study suggest that acute exercise in COPD patients 
at the start of pulmonary rehabilitation does not result in sig-
nificant increases in circulating concentrations of fibrinogen 
and CRP. However, increases in total leukocyte and neutro-
phil counts, which was accompanied by an increase in the 
proportion of immature neutrophils, were observed follow-
ing this initial acute bout of exercise. Differences between 
fibrinogen responses to acute exercise at the start and end 
of a pulmonary rehabilitation programme were statistically 
Fig. 2  Fibrinogen (a), CRP (b), total leukocyte (c), neutrophil (d), lymphocyte (e), and eosinophil (f) responses to an acute bout of exercise at 
the beginning of pulmonary rehabilitation (phase 1)
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significant. No statistically significant differences in CRP, 
total leukocyte, and neutrophil count responses to acute 
exercise were observed between the start and the end of 
rehabilitation.
This is the first study in the COPD population to assess 
fibrinogen concentrations in response to acute exercise bouts 
at the beginning and end of pulmonary rehabilitation. The 
present findings suggest that an acute bout of exercise at 
the beginning of a traditional pulmonary rehabilitation pro-
gramme is not sufficient to significantly alter the concentra-
tions of fibrinogen. These findings disagree with previous 
research in other clinical populations (e.g. atrial fibrillation) 
whereby fibrinogen levels were observed to increase fol-
lowing an acute bout of exercise (Li-Saw-Hee et al. 2001). 
It is important to note this previous study utilised strenuous 
exercise to assess fibrinogen responses (Li-Saw-Hee et al. 
2001). In the current study, however, between conditions 
(pre-rehabilitation vs. post-rehabilitation), there was a sig-
nificant difference whereby a greater fibrinogen response 
to acute exercise was seen at the end of rehabilitation. This 
potentially reflects the progressive nature of exercise train-
ing within pulmonary rehabilitation whereby the absolute 
intensity and/or duration of exercise at the beginning of 
Table 2  Responses of neutrophil activation markers and maturity 
phenotypes to acute exercise at the beginning of pulmonary rehabili-
tation
Data presented as mean ± SD. MFI median fluorescent intensity. Thir-
teen COPD patients were excluded from these analyses due to a lack 
of expression of CD16b meaning that neutrophils could not be con-
fidently isolated for analysis. A further seven COPD patients did not 
provide blood samples for analysis of neutrophil activation markers
Neutrophil marker 2nd pre 
(n = 20)
2nd post 
(n = 20)
p values
CD11b (MFI) 5508 ± 791 5495 ± 748 0.470
CD62L (MFI) 26,852 ± 6185 26,534 ± 5523 0.352
CD66b (MFI) 9447 ± 2956 9604 ± 2930 0.334
CD16bhigh/CD62Lhigh (%) 92.6 ± 3.0 92.6 ± 2.2 0.414
CD16bhigh/CD62Llow (%) 5.5 ± 3.2 4.9 ± 2.5 0.073
CD16blow/CD62Llow (%) 0.1 ± 0.1 0.2 ± 0.2 0.210
CD16blow/CD62Lhigh (%) 1.7 ± 0.8 2.3 ± 1.1 < 0.001
Table 3  Comparisons of mean differences in systemic inflammatory responses to acute bouts of exercise at the beginning and end of pulmonary 
rehabilitation
Data expressed as mean ± SD or mean difference (95% CI)
a Plasma samples unable to be obtained from two COPD patients for measurement of fibrinogen
*Significant difference between bouts in fibrinogen response to exercise (p < 0.05)
Variable 2nd class 16th class Difference in classes for 
change post-exercise
p values
Pre Post Pre Post
Fibrinogen (mg/dL), n = 25a 694 ± 189 654 ± 181 588 ± 197 632 ± 191 84 (− 14, 182) 0.045*
CRP (mg/L), n = 27 13.3 ± 15.0 14.2 ± 16.0 14.2 ± 14.4 15.0 ± 16.5 − 0.1 (− 2.8, 2.7) 0.483
Total Leukocytes  (109 L−1), n = 27 7.12 ± 1.81 7.48 ± 1.60 6.70 ± 1.24 7.39 ± 1.51 0.33 (− 0.33, 0.98) 0.159
Neutrophils  (109 L−1), n = 27 4.22 ± 1.24 4.61 ± 1.13 3.90 ± 1.02 4.43 ± 1.19 0.14 (− 0.33, 0.60) 0.279
Eosinophils  (109 L−1), n = 27 0.21 ± 0.11 0.20 ± 0.10 0.20 ± 0.11 0.20 ± 0.11 − 0.01 (− 0.03, 0.01) 0.155
Lymphocytes  (109 L−1), n = 27 1.93 ± 0.61 1.91 ± 0.56 1.90 ± 0.54 1.97 ± 0.54 0.09 (− 0.06, 0.24) 0.119
Table 4  Comparison of mean differences for neutrophil activation markers and maturity phenotypes in response to acute exercise at the begin-
ning and end of pulmonary rehabilitation
Data expressed as mean ± SD or mean difference (95% CI). MFI median fluorescent intensity. Of the 20 COPD patients measured in phase 1, 
four were lost in the follow-up for the measurement of neutrophil activation markers
Neutrophil marker 2nd class 16th class Difference in classes for 
change post-exercise
p values
Pre Post Pre Post
CD11b (MFI) 5390 ± 756 5469 ± 822 5744 ± 855 5673 ± 845 − 150 (− 584, 284) 0.236
CD62L (MFI) 25,627 ± 5320 25,711 ± 5285 28,293 ± 5427 27,341 ± 6770 − 1036 (− 3526, 1453) 0.195
CD66b (MFI) 9179 ± 3079 9334 ± 3033 10,364 ± 1496 10,501 ± 1577 − 18 (− 815, 780) 0.481
CD16bhigh/CD62Lhigh (%) 92.49 ± 3.41 92.34 ± 2.37 92.45 ± 2.34 91.51 ± 1.91 − 0.79 (− 1.98, 0.39) 0.086
CD16bhigh/CD62Llow (%) 5.80 ± 3.55 5.34 ± 2.61 5.43 ± 2.42 5.84 ± 2.05 0.87 (− 0.21, 1.94) 0.053
CD16blow/CD62Llow (%) 0.14 ± 0.13 0.15 ± 0.09 0.17 ± 0.23 0.16 ± 0.09 − 0.02 (− 0.18, 0.16) 0.454
CD16blow/CD62Lhigh (%) 1.57 ± 0.69 2.16 ± 1.09 1.95 ± 1.41 2.49 ± 1.70 − 0.05 (− 0.33, 0.24) 0.363
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the course may not be sufficient to induce an inflammatory 
response of fibrinogen. Therefore, it may be deemed that 
exercise needs to be strenuous and/or prolonged in nature to 
induce increases in fibrinogen concentration. These areas 
warrant further research to identify at what stage in a pulmo-
nary rehabilitation programme there is a change in response 
of fibrinogen to acute exercise. Nevertheless, the findings 
indicate that acute exercise at the beginning of pulmonary 
rehabilitation does not exacerbate a key marker of systemic 
inflammation in COPD patients.
This study also found that CRP was not significantly ele-
vated following acute bouts of exercise at the start and end of 
pulmonary rehabilitation. This agrees with previous research 
in the context of pulmonary rehabilitation whereby CRP was 
not seen to be elevated following acute bouts of exercise at 
the beginning and end of pulmonary rehabilitation (Canavan 
et al. 2007). The conclusions from the study suggested that 
pulmonary rehabilitation was unlikely to enhance systemic 
inflammation (Canavan et al. 2007).
The findings of the current study demonstrate changes in 
immune cell trafficking, namely increases in total leukocyte 
counts and neutrophil counts, regardless of whether an exer-
cise bout is completed at the beginning or end of pulmonary 
rehabilitation. This agrees with well-established literature 
assessing acute immunological responses to exercise in the 
healthy population (Brown et al. 2015; Nieman et al. 1991; 
Quindry et al. 2003) and the limited existing evidence in 
COPD populations (Menon et al. 2012; van Helvoort et al. 
2005). While it is not surprising to see these effects, it could 
be hypothesised that the acute inflammatory response to 
exercise could diminish by the end of pulmonary rehabilita-
tion as a result of exercise training (Beavers et al. 2010). 
This was not observed in the current study, which may 
suggest that the relative exercise intensity was maintained 
throughout the programme. However, it would be insightful 
to assess inflammatory responses to two controlled bouts 
of exercise, in terms of intensity and duration, before and 
after an exercise training programme as recently undertaken 
(Silva et al. 2018).
There were some interesting observations for neutrophil 
activation markers in the context of acute exercise in COPD 
patients in the current study. The findings disagree with that 
of previous literature whereby reductions in CD62L expres-
sion (Kurokawa et al. 1995; van Eeden et al. 1999) as well 
as increases in CD11b and CD66b (Pizza et al. 1996; Smith 
et al. 1996; van Eeden et al. 1999) were not observed post-
exercise in COPD patients. The data presented in the cur-
rent study also show that these neutrophil activation marker 
responses to acute exercise are not susceptible to significant 
change following a period of exercise training.
This study was also the first study to utilise the newly 
proposed phenotyping approach of neutrophils in an exercise 
setting with a COPD population (Cortjens et al. 2017). An 
acute bout of exercise appeared to increase the percentage 
of immature neutrophils following exercise at the begin-
ning of pulmonary rehabilitation with similar responses 
observed following a period of pulmonary rehabilitation. 
To our knowledge, this approach has not yet been adopted in 
the field of exercise immunology so comparative literature is 
not available. However, the findings support the notion long 
proposed in healthy populations that the physical stress of 
exercise induces an inflammatory response and a temporary 
neutrophilia as a result of increased release of immature neu-
trophils from the bone marrow (Suzuki et al. 1999; Yamada 
et al. 2002). However, these responses did not translate to 
any significant changes within any of the other neutrophil 
subsets. It would be insightful to utilise this phenotypic 
approach in future to further explore the effects of acute 
exercise on neutrophil subset responses.
When interpreting the findings of the current study, it 
is important to consider some limitations. One aspect not 
accounted for in this study was the baseline physical activity 
status of the participants. Physically active lifestyles have 
been seen to alleviate some of the inflammatory responses to 
an acute bout of exercise (Gokhale et al. 2007; Woods et al. 
2012). However, the effects of this in the current study are 
potentially minimal as the majority of COPD patients are 
inactive upon referral to pulmonary rehabilitation. Another 
important factor to consider is that the exercise workloads 
were not matched between bouts at the beginning and end of 
pulmonary rehabilitation. The duration (26 min vs. 40 min) 
was not the same between the two timepoints, but the modal-
ity of exercise and intended relative intensity were kept 
consistent. In a real world clinical pulmonary rehabilitation 
setting such as pulmonary rehabilitation including the pres-
entation of a diverse range of COPD patients, it is hard to 
control the intensities and rates of progression of exercises 
for the patients in each group. However, the data presented 
are still purposeful in detecting changes to treatment in a 
real-world setting. It is also important to highlight that acute 
inflammatory responses to exercise were assessed immedi-
ately post-exercise, and there is a need for further research 
to assess any delayed inflammatory responses to exercise 
(e.g. 1 h–24 h post-exercise). Interpretations of the results 
also need to take into account the drop-out between phases 
1 and 2, which is commonly observed with an interven-
tion such as pulmonary rehabilitation (Steiner et al. 2018), 
whereby missing data introduce an element of bias with the 
results. However, it is worth noting that the patient cohorts 
in both phases appeared clinically homogenous in terms of 
the measured characteristics. Finally, the sample size used to 
make inferences about the neutrophil activation markers was 
impacted by an unforeseen deficiency of CD16b expression 
in subsets of patients. This reduced the confidence to be able 
to separate neutrophils from eosinophils; hence, participants 
were removed from the analysis. Research has previously 
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suggested two possible causes for this phenomena; a rare 
hereditary deficiency of CD16 (Wagner and Hansch 2004) 
or a shedding of CD16b via the action of ADAM17 (Wang 
et al. 2013). These proposals could not be assessed in the 
current study and future studies should be wary of the use 
of CD16b as a marker for identifying neutrophils in COPD.
This study implies that acute exercise does not appear 
to worsen selected key systemic inflammatory markers in 
COPD patients as characterised by a lack of increase in 
established biomarkers of exacerbations in the initial stages 
of pulmonary rehabilitation (fibrinogen and CRP). Acute 
exercise does appear to induce classical changes in leuko-
cyte trafficking, characterised by increases in total leuko-
cyte and neutrophil counts as observed previously in healthy 
(Brown et al. 2015; Nieman et al. 1991; Quindry et al. 2003) 
and COPD populations (Menon et al. 2012; van Helvoort 
et al. 2005). Importantly, such leukocyte trafficking occurs 
independent of the time at which the acute exercise bout 
was undertaken in a pulmonary rehabilitation programme. 
These findings warrant further follow-up in COPD patients 
via assessment of acute inflammatory responses in exercise 
bouts controlled for both duration and intensity.
Acknowledgements We would like to thank the Countywide Respira-
tory Service of Lincolnshire Community Health Services NHS Trust 
for supporting the study and allowing access to the pulmonary reha-
bilitation service.
Author contributions ARJ design and delivery of study, collection, 
analysis and interpretation of data, writing of manuscript. NSH super-
vision of ARJ, design of study, interpretation of data, reviewing and 
revising manuscript drafts. AWJ supervision of ARJ, design and deliv-
ery of study, analysis and interpretation of data, reviewing and revising 
manuscript drafts.
Compliance with ethical standards 
Conflict of interest The authors declare to have no conflicts of interest 
relating to the production of this manuscript.
Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.
References
Beavers KM, Brinkley TE, Nicklas BJ (2010) Effect of exercise train-
ing on chronic inflammation. Clin Chim Acta 411(11–12):785–
793. https ://doi.org/10.1016/j.cca.2010.02.069
Bizheh N, Jaafari M (2011) The effect of a single bout circuit resistance 
exercise on homocysteine, hs-CRP and fibrinogen in sedentary 
middle aged men. Iran J Basic Med Sci 14(6):568–573
Borregaard N, Cowland JB (1997) Granules of the human neutrophilic 
polymorphonuclear leukocyte. Blood 89(10):3503–3521
Brandt C, Pedersen BK (2010) The role of exercise-induced 
myokines in muscle homeostasis and the defense against 
chronic diseases. J Biomed Biotechnol 2010:520258. https ://doi.
org/10.1155/2010/52025 8
Brown WM, Davison GW, McClean CM, Murphy MH (2015) A 
systematic review of the acute effects of exercise on immune 
and inflammatory indices in untrained adults. Sports Med Open 
1(1):35. https ://doi.org/10.1186/s4079 8-015-0032-x
Canavan J, Garrod R, Marshall J, Jackson D, Ansley P, Jewell A 
(2007) Measurement of the acute inflammatory response to 
walking exercise in COPD: effects of pulmonary rehabilitation. 
Int J Chronic Obstr Pulm Dis 2(3):347–353
Cecins N, Geelhoed E, Jenkins SC (2008) Reduction in hospitalisa-
tion following pulmonary rehabilitation in patients with COPD. 
Aust Health Rev 32(3):415–422. https ://doi.org/10.1071/ah080 
415
Cortjens B, Ingelse SA, Calis JC, Vlaar AP, Koenderman L, Bem RA, 
van Woensel JB (2017) Neutrophil subset responses in infants 
with severe viral respiratory infection. Clin Immunol (Orlando) 
176:100–106. https ://doi.org/10.1016/j.clim.2016.12.012
Duvoix A, Dickens J, Haq I, Mannino D, Miller B, Tal-Singer R, 
Lomas DA (2013) Blood fibrinogen as a biomarker of chronic 
obstructive pulmonary disease. Thorax 68(7):670–676. https ://
doi.org/10.1136/thora xjnl-2012-20187 1
Fischer MJ, Scharloo M, Abbink JJ, van t’Hul AJ, van Ranst D, Rudol-
phus A, Kaptein AA (2009) Drop-out and attendance in pulmo-
nary rehabilitation: the role of clinical and psychosocial vari-
ables. Respir Med 103(10):1564–1571. https ://doi.org/10.1016/j.
rmed.2008.11.020
Gokhale R, Chandrashekara S, Vasanthakumar KC (2007) Cytokine 
response to strenuous exercise in athletes and non-athletes—
an adaptive response. Cytokine 40(2):123–127. https ://doi.
org/10.1016/j.cyto.2007.08.006
Gray AB, Telford RD, Collins M, Weidemann MJ (1993) The response 
of leukocyte subsets and plasma hormones to interval exercise. 
Med Sci Sports Exerc 25(11):1252–1258
Hayton C, Clark A, Olive S, Browne P, Galey P, Knights E, Wilson AM 
(2013) Barriers to pulmonary rehabilitation: characteristics that 
predict patient attendance and adherence. Respir Med 107(3):401–
407. https ://doi.org/10.1016/j.rmed.2012.11.016
Hoenderdos K, Condliffe A (2013) The neutrophil in chronic obstruc-
tive pulmonary disease. Am J Respir Cell Mol Biol 48(5):531–
539. https ://doi.org/10.1165/rcmb.2012-0492T R
Jenkins AR, Holden NS, Jones AW (2018) Pulmonary rehabilitation, 
exercise, and exacerbations of COPD: known clinical efficacy and 
the unknown mechanisms. Chest 153(5):1281–1282. https ://doi.
org/10.1016/j.chest .2018.01.054
Jenkins AR, Holden NS, Gibbons LP, Jones AW (2020) Clinical out-
comes and inflammatory responses of the frequent exacerbator in 
pulmonary rehabilitation: a prospective cohort study. COPD. https 
://doi.org/10.1080/15412 555.2020.17536 69
Jones SE, Green SA, Clark AL, Dickson MJ, Nolan AM, Moloney 
C, Man WD (2014) Pulmonary rehabilitation following hospi-
talisation for acute exacerbation of COPD: referrals, uptake and 
adherence. Thorax 69(2):181–182. https ://doi.org/10.1136/thora 
xjnl-2013-20422 7
Kasapis C, Thompson PD (2005) The effects of physical activity on 
serum C-reactive protein and inflammatory markers: a system-
atic review. J Am Coll Cardiol 45(10):1563–1569. https ://doi.
org/10.1016/j.jacc.2004.12.077
European Journal of Applied Physiology 
1 3
Keating A, Lee A, Holland AE (2011) What prevents people with 
chronic obstructive pulmonary disease from attending pulmonary 
rehabilitation? A systematic review. Chron Respir Dis 8(2):89–99. 
https ://doi.org/10.1177/14799 72310 39375 6
Kurokawa Y, Shinkai S, Torii J, Hino S, Shek PN (1995) Exercise-
induced changes in the expression of surface adhesion molecules 
on circulating granulocytes and lymphocytes subpopulations. 
Eur J Appl Physiol Occup Physiol 71(2–3):245–252. https ://doi.
org/10.1007/bf008 54986 
Ley K, Laudanna C, Cybulsky MI, Nourshargh S (2007) Getting to 
the site of inflammation: the leukocyte adhesion cascade updated. 
Nat Rev Immunol 7(9):678–689. https ://doi.org/10.1038/nri21 56
Li-Saw-Hee FL, Blann AD, Edmunds E, Gibbs CR, Lip GY (2001) 
Effect of acute exercise on the raised plasma fibrinogen, solu-
ble P-selectin and von Willebrand factor levels in chronic atrial 
fibrillation. Clin Cardiol 24(5):409–414. https ://doi.org/10.1002/
clc.49602 40512 
Menon MK, Houchen L, Singh SJ, Morgan MD, Bradding P, Steiner 
MC (2012) Inflammatory and satellite cells in the quadriceps of 
patients with COPD and response to resistance training. Chest 
142(5):1134–1142. https ://doi.org/10.1378/chest .11-2144
Montgomery HE, Clarkson P, Nwose OM, Mikailidis DP, Jagroop IA, 
Dollery C, Humphries S (1996) The acute rise in plasma fibrino-
gen concentration with exercise is influenced by the G-453-A 
polymorphism of the beta-fibrinogen gene. Arterioscler Thromb 
Vasc Biol 16(3):386–391. https ://doi.org/10.1161/01.atv.16.3.386
Nathan C (2006) Neutrophils and immunity: challenges and opportu-
nities. Nat Rev Immunol 6(3):173–182. https ://doi.org/10.1038/
nri17 85
Nici L, Donner C, Wouters E, Zuwallack R, Ambrosino N, Bourbeau J, 
Troosters T (2006) American Thoracic Society/European Respira-
tory Society statement on pulmonary rehabilitation. Am J Respir 
Crit Care Med 173(12):1390–1413. https ://doi.org/10.1164/
rccm.20050 8-1211S T
Nieman DC, Nehlsen-Cannarella SL, Donohue KM, Chritton DB, Had-
dock BL, Stout RW, Lee JW (1991) The effects of acute moderate 
exercise on leukocyte and lymphocyte subpopulations. Med Sci 
Sports Exerc 23(5):578–585
Nieman DC, Henson DA, Austin MD, Brown VA (2005) Immune 
response to a 30-minute walk. Med Sci Sports Exerc 37(1):57–62. 
https ://doi.org/10.1249/01.mss.00001 49808 .38194 .21
Petersen AM, Pedersen BK (2005) The anti-inflammatory effect 
of exercise. J Appl Physiol 98(4):1154–1162. https ://doi.
org/10.1152/jappl physi ol.00164 .2004
Pizza FX, Davis BH, Henrickson SD, Mitchell JB, Pace JF, Bigelow 
N, Naglieri T (1996) Adaptation to eccentric exercise: effect on 
CD64 and CD11b/CD18 expression. J Appl Physiol 80(1):47–55. 
https ://doi.org/10.1152/jappl .1996.80.1.47
Quindry JC, Stone WL, King J, Broeder CE (2003) The effects of 
acute exercise on neutrophils and plasma oxidative stress. Med 
Sci Sports Exerc 35(7):1139–1145. https ://doi.org/10.1249/01.
Mss.00000 74568 .82597 .0b
Quint JK, Wedzicha JA (2007) The neutrophil in chronic obstructive 
pulmonary disease. J Allergy Clin Immunol 119(5):1065–1071. 
https ://doi.org/10.1016/j.jaci.2006.12.640
Silva BSA, Lira FS, Rossi FE, Ramos D, Uzeloto JS, Freire A, Ramos 
EMC (2018) Inflammatory and metabolic responses to different 
resistance training on chronic obstructive pulmonary disease: 
a randomized control trial. Front Physiol 9:262. https ://doi.
org/10.3389/fphys .2018.00262 
Smith JA, Gray AB, Pyne DB, Baker MS, Telford RD, Weidemann MJ 
(1996) Moderate exercise triggers both priming and activation of 
neutrophil subpopulations. Am J Physiol 270(4 Pt 2):R838–845. 
https ://doi.org/10.1152/ajpre gu.1996.270.4.R838
Steiner M, McMillan V, Lowe D, Khan MS, Holzhauer-Barrie J, Loo 
VV, Roberts C (2017) Pulmonary rehabilitation: beyond breathing 
better. National chronic obstructive pulmonary disease (COPD) 
audit programme: outcomes from the clinical audit of pulmonary 
rehabilitation services in England 2015. National supplementary 
report. London: RCP
Steiner M, McMillan V, Lowe D, Holzhauer-Barrie J, Mortier K, 
Riordan J, Roberts C (2018) Pulmonary rehabilitation: an exercise 
in improvement. National chronic obstructive pulmonary disease 
(COPD) audit programme: clinical and organisational audits of 
pulmonary rehabilitation services in England and Wales 2017. 
National Report. London: RCP
Suzuki K, Totsuka M, Nakaji S, Yamada M, Kudoh S, Liu Q, Sato 
K (1999) Endurance exercise causes interaction among stress 
hormones, cytokines, neutrophil dynamics, and muscle damage. 
J Appl Physiol 87(4):1360–1367. https ://doi.org/10.1152/jappl 
.1999.87.4.1360
van der Vlist J, Janssen TW (2010) The potential anti-inflammatory 
effect of exercise in chronic obstructive pulmonary disease. Res-
piration 79(2):160–174. https ://doi.org/10.1159/00023 3264
van Eeden SF, Granton J, Hards JM, Moore B, Hogg JC (1999) Expres-
sion of the cell adhesion molecules on leukocytes that demargin-
ate during acute maximal exercise. J Appl Physiol 86(3):970–976. 
https ://doi.org/10.1152/jappl .1999.86.3.970
van Helvoort HA, van de Pol MH, Heijdra YF, Dekhuijzen PN (2005) 
Systemic inflammatory response to exhaustive exercise in 
patients with chronic obstructive pulmonary disease. Respir Med 
99(12):1555–1567. https ://doi.org/10.1016/j.rmed.2005.03.028
Van Helvoort HA, Heijdra YF, Thijs HM, Vina J, Wanten GJ, Dekhui-
jzen PN (2006) Exercise-induced systemic effects in muscle-
wasted patients with COPD. Med Sci Sports Exerc 38(9):1543–
1552. https ://doi.org/10.1249/01.mss.00002 28331 .13123 .53
Wagner C, Hansch GM (2004) Genetic deficiency of CD16, the 
low-affinity receptor for immunoglobulin G, has no impact 
on the functional capacity of polymorphonuclear neutro-
phils. Eur J Clin Invest 34(2):149–155. https ://doi.org/10.111
1/j.1365-2362.2004.01298 .x
Walsh NP, Gleeson M, Shephard RJ, Gleeson M, Woods JA, Bishop 
NC, Simon P (2011) Position statement. Part one: immune func-
tion and exercise. Exerc Immunol Rev 17:6–63
Wang Y, Wu J, Newton R, Bahaie NS, Long C, Walcheck B (2013) 
ADAM17 cleaves CD16b (FcgammaRIIIb) in human neutro-
phils. Biochim Biophys Acta 1833(3):680–685. https ://doi.
org/10.1016/j.bbamc r.2012.11.027
Wedzicha JA, Donaldson GC (2003) Exacerbations of chronic obstruc-
tive pulmonary disease. Respir Care 48(12):1204–1213 (discus-
sion 1213-1205)
Wittmann S, Rothe G, Schmitz G, Frohlich D (2004) Cytokine upregu-
lation of surface antigens correlates to the priming of the neutro-
phil oxidative burst response. Cytometry A 57(1):53–62. https ://
doi.org/10.1002/cyto.a.10108 
Woods JA, Wilund KR, Martin SA, Kistler BM (2012) Exercise, 
inflammation and aging. Aging Dis 3(1):130–140
Yamada M, Suzuki K, Kudo S, Totsuka M, Nakaji S, Sugawara K 
(2002) Raised plasma G-CSF and IL-6 after exercise may play a 
role in neutrophil mobilization into the circulation. J Appl Physiol 
92(5):1789–1794. https ://doi.org/10.1152/jappl physi ol.00629 
.2001
Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.
